Department of Transportation
HIGHWAY DIVISION

Materfals Section

DOCUMENT NUMBER__ 00004

Techaical Report Bocuseatation Pege

Specification Mo, 000T Ko,
504
Report Date Report Mo.
Fehruary, 1986
Title
Eugene Sand & Gravel
High-Strength Concrete Report Study
Phase Two Report
Subtitle
futhor Donald E. Wence - Materials Testing Engineer
Anthony J. George - Concrete & Soils Engineer

Perforaing Orgenizetion
Materials Section

Oregon State Highway Division
2950 State Street
Salem,, OR 97310

Spoasoring Ageacy

Key Uords

Concrete Cylinder Molds
Compressive Strength
Portland Cement Concrete

Trpe

Research Report

Location




INTEODUCTION

This report 1= & supplement to the ariginal EUGENE SAND and
GEAVEL HIGH-STREHGTH CONCEETE RESEARCH STUDY. This FPHASE TWo
report will address what difference, if any, casting cylinders in
sealed molds verses uncealed molds and other comparisonse has on
compre=zcsive strengths.

The original report chowed a <cignificaent difference when
comparingy test labs and equipmenty, and the type of molds used.
There was no significant difference when comparingy method of
long-term cure, intermediate cure, and method of transport.

cllow in <selecting the +type of mcld for
t cylinderse 1is stated in AASHTO TEST
( ASTM DESIGHATION: C470-81 ).

The gulidelines to F
farming concrete .es
DESIGNATION: M205-&831

FURFOSE

The purpose of this report is to examine through laboratory
analysis certzin conditions present when casting eylinderz at
Eugene Sand and Gravel prestressed yard. By laboratory analysis
this report will show what effect these different conditicns have
an comprescive strengths.

SCOFPE

For laboratory analysis five sets of cylinders were molded. All
cylinders were cast from the <same high-strength concrete. The
subsequent compressive strength testing was performed at OSHD
materials laboratary.

The test results were analyzed statistically at a 9S% significant
Ievels " This was performed by caleculating the mean difference
and the standard error of the difference btetween the mean of the
sample of two independent populaticons. Valuese from the area under
the normal probability curve are compared to the accepted
convention#, A significant result 1ie a «calculated probability
less than 0.05, and & highly significant result is a calculated
probability less than 0.01. For consistency of a <emall sample,
which 1is concidered a <cet of less +than thirty samples. The
standard deviation was calculated with n, the number of samples
in the set, as the dencminator.

¥Probhability and Statistics by Alder/Rossler, 1975, &th. edition.



FROCEDURE

This procedure was developed with the premise that the mix used
to mold the specimens wae conceistent throughout the batch., A
zingle batch was used far the entire procedure.,

On Jan. 23, 1986 a class 6000, 374 irnchy 8 sack mix was batched
from OSHD Mix Design ESG-10-85 at Eugene Sand and Gravel
prestressed yard., From this batch five sets of ten cylinders each
were moldedyand placed in the five diztinct categories as
fellows:

A. ES&G sealed steel cylinders,y hand roddedy and covered with
glass platesz.
B. OSHD sealed steel cylindere, hand rodded, and covered with

(=]
glas=s platecs.
Ce ES%G unsealed steel cylinders, hand roddedy, and covered with
plastic bags.
D. ES&G wunsealed stael cylinders, machine vitrated, and covered
with plastic bags.
E. OSHD plastic cylinders, hand rodded, and covered with plastic
lids,

The c¢ylinders were stored in a regulated envircnment for 24
hours, and then <chipped to OSHD materials laboratory for
compressive strength testing. The specimens molded in steel were
removed from the molde before shipping.

.On  Jan 24, 1986 the «cylinders arrived at OSHD materials
laboratory. At the laboratory the remaining cylinders were
demolded. Then all cylinders were capped with sulfur mortar caps,
and placed in a 73.4 degree F. + or - 2 degree F. moist cure room
until February 20, 1986,

QOn February 20, 1986 the cylinders were tested for a 28 day btreak
of compressive strength according to AASHTO TEST DESIGNATION!
T22-841 ( ASTM DESIGNATION! C39-81 ). The micrometer readings of
the cylinder diameter were used to calculate the cross-section
area, and applied for accuracy to determine the compressive
strength.



TEST EESULTS

The compreszive strengths of each cylinder is licsted in Table #1
by categaries. Each category iz represented by the following
Farameters$

A. Type of mold,

B. Owner of mold,

Ce If the mold was =ealed.

D. How the cylinder was consolidated.
E. How the cylinder was covered.

The statistical comparison between categoriecs is listed in Table
#2 and explained belaw!

1+ For statistical analysis between EE%G mclde and OSHD molds,
category A vs. B, exhibited no significant difference. The wvalue
waes O0.119.%

2. For statistical analysis between <cealed molde  and uncealed
molds, category A vs. C, exhibited no cignificant difference., The
value was 0.390.%

3« For cstatistical analysis between vibrated and hand-rodded,
category C vs. D, exhibited a highly significant difference. The
value was 0,000,%#%

4. For comparison of steel molde to plastic molds three
comparlisons were appropriately used.

a) For statistical analysis between ES%G steel and OSHD plastic
molds, category A vs E; exhibited a highly significant
difference. The value was 0.000.,%%#*

b) For statistical analysis between OSHD <steel moclds and OSHD
plastic molds, category B vs Ey exhibited a highly significant
difference. The value was 0,000,%

¢! For statistical analysic between the above two sets of steel
molds combined and plastic, category ARE vs E, exhibited a Fighly
significant difference. The value wac 0.000%,

¥See Illustration#l For area used in formula on TAELE II
#¥#See Illustration #3 by taking the ratic from TABLE II.
##¥x5ee Illustration #2



CONCLUSIONS

Currently OSHD is using plastic single-use cylinder molde, and it
is our intent te wuse the =zame single-use molds for all future
actceptance testing. These single-use molds have been used at
Eugene Sand and Gravel since Auguest, 1985 Prior to that time,
reusable steel molde were uced.

Vibrating to consclidate samples is  covered in  AASHTO TEST
DESIGNATION; T23-851, { ASTM DESIGNATION! C31-82 ), Thic states
that mixes with a slump over three inches shall not be vibrated.
Vibrating in this incstance was not acceptable, and misreprecented
the strengthse higher than would have heen if redded to said
guidelines. Statistically it was a highly significant value.

In the comparative analysis of ES%G cteel molds a2nd OSHD steel
molds, there is no cignificant difference. Both samples followed
the guidelines for forming concrete test cylinders ac stated in
AASHTO TEST DESIGNATION: M205-221 ( ASTM DESIGNATION: C470-21 .
Although wuncealed molds do not meet this testing procedure no
statistical difference was found between unszealed molds and
sealed molde.

In addressing the issue of steel verses plazstic molds threes
comparisons were made. One, ES%G molds verses plastic molds,
showed & highly significant difference. The second, OSHD molds
verses plastic molds, showed a highly significant difference,
therefore the combined showed a highly significant difference.
These cylinders were molded within the guidelines set forth in
AASHTO (ASTM) as above, and is recognired by The Cement and
Concrete Reference Laboratory. OSHD is simply exercising an
option of mold type as stated in said gquidelines.



CATEGORY

COMPRESSIVE STREHNGTH OF CYLINDERS

>

STEEL

ES&G

SEALED

RODDED

GLASS

TAELE 1

E
STEEL STEEL
OSHD ES%G
SEALED UNSEALED
RODDED RODDED
GLASS BAGGY
&850 &
6735 &
5445 &
6600 6240
6150 5450
6790 6200
6630 6195
6445 &
6120 5410
6675 ¢
6544, 0 5276,
259.36 108,77
75 .69 34.40

il E
STEEL FLASTIC
ES&G . OSHD
UNSEALED SEALED
VIBEATED RODDED
EAGGY PLASTIC
7018 5605
7230 5&60
&7&0 2530
7190 5900
L7775 3640
&970 5755
7145 5810
L9735 S779
&780 &075
S9es - 8725 -
7000.5 5788.5
146,14 125.70
45,22 35.75



CATEGOERY
MEAN DIFF.

% MEAN DIFF.
STD. EREROF
(of mean
FATIO
{0«5-AFREA) 2

SIGNIFICANCE

CATEGORY

MEAN DIFF. - — —

% MEAN DIFF,

STD. ERROE

STATISTICAL COMPARISON OF CATEGOERIES

diffe)

Malds, Sealsz, and
TABLE II

ES%G SEALED
Ve VE
OSHD UNSEALED
A vs B A wve C
184.5 §3.0
2.9 % 1.3 %
li1g.1%9 27.08
1.5&1 0.25%
0.11% 0.3%0

HO HO

Consclidation

VIBRATE

ve

D

RODDED

C vae D

HIGHLY

STATISTICAL COMPARISON OF CATEGORIES

STEEL VS FLASTIC

{of mean diff.)

RATIQ

(0.5-AKEA) 2

SIGNIFICANCE

TAELE III
ES%G OSHD
ve vs

FLASTIC FLASTIC
A ve E B ve E
57140 75545 —— -
.9 % 13.1 %
99,10 85.49
S.762 8.837
0.000 0.000
HIGHLY HIGHLY

COMBINE

Ve

D

PLASTIC

A&B ve

463

4

E
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ILLUSTRATION

#1

Appeadix 381
[ )
Table (
Areas Undar the Normal
Probablility Curve
The entries under A denote the sree between the line of
symmatry (thet ke, 2 = O) and the given 2-velue. 2=0z¢z
4 A x A z A z- A
0.00 0.0009 030 01178 0.60 0.2268 080 03169
01 0040 31 A217 .61 2291 K | 31686
.02 00890 32 1266 682 2324 02 3212
03 0120 33 1283 63 2367 03 3238
04 0160 M 1331 .64 2369 4 3264
.06 0189 36 1368 66 2422 46 3208
06 0239 36 1406 66 2464 956 3316
07 0279 37 A443 67 2486 7 3340
08 0319 38 1480 68 2618 28 3366
09 0369 29 A617 £9 2649 29 3389
10 0398 A0 1664 J0 2680 100 3413
Al 0438 At 1691 Al 2612 "1.01 3438
12 0478 A2 1628 J2 2642 .02 S461
.13 0517 A3 Jd664 J3 2673 1083 3486
14 0667 A4 JA700 74 2704 104 3608
A8 D506 A6 1736 76 2734 106 3631
16 0636 A6 - ATT2 76 2764 106 3664
A7 L0676 AT 46008 24 2764 1097 3677
A8 Q714 — A8 84 _| T8 2823 108 3600
R E ATE4 A0 878 a9 2862 100 3621
2 L0763 y ) J016 £80 2861 1.10 3643
21 0832 B1 1960 At 2810 1.1 2686
22 0871 52 1086 82 2939 112 36688
23 0810 53 2019 43 2967 113 708
24 0848 54 2064 24 2996 1.14 3729
28 0987 56 2088 A6 3023 1.16 J749
26 1026 56 2123 £6 3061 1.16 3770
27 064 57 2167 A7 3079 1A=~ 3790
28 1103 58 2180 £8 3106 tHg - 3810
29 Jd141 59 2224 89 3133 1190 . . 380




ILLUSTRATION

2

362 Appendix
Table l. Aress Under the Normal Probablility Curve
{continued)
= z A ‘z A z A z A

120 03849 156 0434 190 04AT13 226 0A487¢
121 a6 1568 A408 191 AT 228 A881
122 488 147 AAE 1.92 A726 27 A884
123 3907 158 A430 193 AT32 228 AL87
124 3026 150 Ad4t 184 A738 229 A8%0
126 3844 160 A462 1.96 AT44 230 4893
126 3962 181 A483 186 A760 231 A896
127 3980 182 A474 1.97 4766 232 A898
128 3997 143 AA486 1.98 4762 233 4901
129 A016 184 A496 1.99 A167 234 A904
130 4032 1£6 AG05 2.00 AT73 236 4906
131 A049 146 A616 201 AT18 2368 A909
132 A066 147 A626 202 AT83 237 A911
133 A082 148 AG3S 203 AT88 238 A913
1.4 A099 1489 AS46 204 AT83 239 A916
138 A166 1.70 AG64 2.06 AT08 240 A918

‘136 A131 = AG84 208 | A803 241 A920
137 Al4Y .72 A673 207 A808 242 A2
138 A162 .73 AG82 208 A812 243 A9256
13¢ Ay 174 AG9t 209 A81Y ‘244 A827
140 A182 1.76 Ao 210 A821 246 AS20
141 A207 1.6 A608 211 A828 246 AS31
142 A222 .77 A416 212 A8 247 A832
143 A238 .78 A826 213 A834 248 A834
144 A261 .70 A433 214 AS38 249 A8
146 A268 180 A841 216 A842 260 AS38
146 AZTe 181 AS49 216 A848 261 A0
147 A202 1482 AC68 217 A8S0 262 A841
148 A306 143 AG84 218 A864 253 A4S
149 A3t 184 ASTH 219 A8S7 254 AS46
180 A332 188 AGTe 220 Aes1 256 A946
181 A346 186 Alse 221 A868 266 A4S
182 A367 187 A683 222 A868 287 AC%0
143 A30 188 AT00 223 A8Tt 258 A881
164 A382 189 AT08 224 A8T6 260 A862




ILLUSTRATION 3

Appendix 363
Teble . Areas Under the Normal Probabllity Curve
(conckuded)

z A z A x A z A
260 04963 2.96 04984 3.30 04896 3.86 04969
261 4966 296 A986 3.31 A996 346 A889
262 A966 2.87 A9€6 332 A998 367 A889
263 A967 298 A886 333 A896 368 - 4969
264 A869 299 A868 b I 7} A996 3.69 4999
266 4960 3.00 A987 3.36 A996 3.70 A989
266 4961 3.01 A887 336 A886 . A899
267 A962 3.02 A887 337 A998 3.72 A689
2.68 A963 3.03 A988 3.38 A896 3.73 A699
269 A964 304 A988 339 4897 3.74 A€99
2.70 A966 3.06 A989 340 A997 3.76 A989
mn A6 306 AS89 341 AS97 3.76 A989
272 AT 3.07 A$89 342 A997 .77 A989
273 A968 3.08 A990 343 A97 3.7¢ A889
274 A6 3.09 A990 344 A897 17 A989
2.76 A970 3.10 A990 346 AQ97 380 A999
2.7¢ AT 3.11 A991 346 A997 381 A989
277 A8T2 3.12 A891 347 AS97 382 A889
27¢ AST3 313 A081 346 A28 343 A969
270 A074 3.4 A992 349 A896 3484 - A999
290 AT4 316 A892 360 AS98 346 A969
28t AT 3t A902 3.61 A888 346 A969
282 AT 347 A892 362 A898 347 £5000
283 ASTT 118 AS93 363 A998 388 5000
284 ASTT 319 A993 354 A988 389 5000
286 ASTe 320 A883 366 A998
286 A9T0 321 A883 3166 A968
287 AS80 .22 A894 367 A088
248 A980 323 AS84 358 A998
2489 A081 324 AS84 3.69 A968
290 A081 326 AS84 360 A888
2.91 A982 326 A984 361, A999
292 A9E3 3.27 AS86 3.62 A899
293 A0E83 328 A896 343 A889
284 A984 329 A9986 3.64 A899




